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v Specification 

r 

Brine Separation in Soap Oil Preparation 



The present invention relates to a process for improving the separation of aqueous 
sodium bicarbonate brine from soap oil in the recovery process of a pulp mill, 
5 comprising: forming a mixture comprising crude tall oil soap, water and carbon dioxide, 
neutralising the crude tall oil soap and separating the aqueous sodium bicarbonate 
brine and the soap oil obtained from said neutralisation step. 

The invention is further related to a process for improving the separation of aqueous 
10 sulphate brine from crude tall oil in the recovery process of a pulp mill, comprising: 
forming a mixture comprising soap oil, water and sulphuric acid, acidulating said soap 
oil and separating the aqueous sulphate brine and the crude tall oil obtained from said 
acidulation step. 

15 In chemical pulping wood chips are cooked with appropriate chemicals in an aqueous 
solution to obtain a fibrous mass. In this process the spent cooking liquor containing 
several chemicals is recycled. In the following the recycling of the cooking liquor will be 
referred to as recovery process or recovery system. The recovery process essentially 
comprises the separation of crude tall oil soap from black liquor, the crude tail oil 

20 preparation process, the evaporation of black liquor and subsequently its burning in the 
recovery boiler, the alkalisation of green liquor received from the recovery boiler and its 
recycling to the cooking process step. 

The cooking liquor is separated from the fibres and washed with water forming weak 
25 black liquor. Reacted resin acids and fatty acids which rise to the surface of the black 
liquor are skimmed off as crude tall oil soap. The black liquor may be subjected to one 
or more evaporation stages to form strong black liquor with increased solid contents. 
Additional crude tall oil soap may be removed at these stages. 

30 The strong black liquor is introduced into the recovery boiler which evaporates residual 
moisture from the liquor, bums the organic constituents and supplies heat for steam 
generation. The flue gases from the recovery boiler containing a Jot of chemicals are 
passed through an electrostatic precipitator to separate the recovery boiler ash. The 
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20 



25 



30 



~««y bo e, ash ,s a sa,« mixture essentially containing sodium sulphate and sodium 
carbonate. Norma»y ma ash is directly recyded into the recovery system bv dilT 
-he ash in tha b,ack ,i q uor that is going t o he hum, in tha recov^ HZ 

5 The crude ,a„ oi, soap skimmed off the liquor is traditionally aciduiated with suiphuho 

oir r: "T flber and ,isnin ~ and a ~ ~ **» 

so u«,on. The hnne soluhon and the mixed phase are separated and returned to the 
recover system. Sometimes this mixed phase causes prohiems as i, sticks to the 
> eau,pmen,andex*a cleaning is necessary. The ohtainad crudetal, oi, ^d 
tntemally as a ,ua, or externally as a vaiuabie raw mateha, for the chamica, industry. 

The consumption o, suiphurio add in the aciduiation o, (he crude (aii oi, represents an 
■ncreasmg prohtem to modem pu,p m,»s. The amount o, sulphurtc acid JZZZ, 

pu,p m,„. However, due te environmental considerations suiphur emisslns into the 
env,ronmen« are inoraas,n g ,y unacceptehie and mere is a strong need to reduce me 
amount o, suiphur and sulphunc compounds quired in .a recovery JZZ a pulp 

The suiphuric acid consumpton may he reduced hy ahoul 30% ,o 50% by a pre 
treatment of the crude ,a„ oi, soap with camon dioxide. Accenting «o such a process 

T:Z?T m W ° 98/29K4 ' ha b " °" «"* iS *~ * ~cid 
pnor to ,ha fine, separation of b,ack Hquor and soap wherehy Waning ,he crude soap 

from ,mpun,,e S and hence reducing the amount o, acid «o acidity the soap. The "2, 

-de acidulation has the further advantage the, me sticky components', the ltd 

Phase are d,sso,ved in ,he sodium hioarhonate brine and do not stick to me equipment 

,n the technical operation i, is difficult «o obtain a high degree of bicarbonate bhne 
separata from ma soap oi, after the cartoon dioxide neutralised step due ,o the 
creamy consistency of ma soap oil. However, remaining bicarbonate hnne in the soap 
o,l w,,, mcrease me su,phuhc acid consumption in the f,na, add-on step which or 
environmental reasons is to be avoided. 
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To overcome this problem WO 96/34932 suggests to carry out an additional step of pH 
adjustment after the carbon dioxide pre-treatment but prior to the bicarbonate brine 
separation step. The pH adjustment may be performed by an acidically reacting 
substance, such as sulphuric acid or bisulphite. One drawback of this solution is that it 
5 is also reducing the efficiency of the carbon dioxide pre-treatment as it will increase the 
amount of sulphur introduced into the recovery system. 

An object of the present invention is to provide an improvement in the separation of 
bicarbonate brine in the soap oil preparation process and to reduce the amount of 
10 sulphuric compounds required in the final acidulation step. 

Another object of the present invention is to improve the separation of sulphate brine 
and crude tall oil in the final acidulation of the crude tall oil preparation process. 

15 The characteristics of the present invention are defined in the appended claims. 

Consequently, the invention relates to a process for improving the separation of sodium 
bicarbonate brine from soap oil in a tall oil recovery process comprising the following 
steps: The crude tall oil soap is mixed with a special high-density water solution and 
20 carbon dioxide. The resulting acid neutralises the crude tall oil soap whereby forming a 
two phase solution of crude soap oil and sodium bicarbonate brine. Subsequently the 
aqueous sodium bicarbonate brine is separated from the soap oil obtained. 

After the separation of the sodium bicarbonate brine from the soap oil a final 
25 acidulation is carried out. After the final acidification it can also be difficult to get a good 
separation of the resulting sulphate brine from the resulting crude tall oil. This is due to 
the reduced difference in density between the phases which is a consequence of the 
reduced charge of sulphuric acid in the final acidulation step. 

30 It has been found that the use of the inventive high density water solution is also 

advantageous in the final acidulation step as an additive to the sulphuric acid. This will 
result in sulphate brine with higher density that thus is easier to separate from the 
crude tall oil phase. The water and brine content of the final crude tall oil is minimised, 
increasing the quality and the effective yield of crude tall oil. 

35 
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According to one embodiment carbon dioxide is first dissolved in said water solution 
having increased density to form an acidic solution and afterwards the crude tall oil 
soap is neutralized with said acidic solution. 

5 It is also advantageous to first dilute the crude tall oil soap with said water solution 
having increased density and then introduce carbon dioxide into the soap-water 
solution. 

Due to the inventive use of water having an increased density the carbon dioxide 
10 treatment results in a bicarbonate brine with higher density compared to the state of the 
art processes. Thus it is easier to separate the soap oil and the brine solution. 

The high density water is preferably prepared by mixing ash and / or dust from the 
recovery process, in particular precipitator ash, with water. Beside the desired increase 
15 in the density of the water such a preparation has the additional advantage that no 
other substances, in particular no additional chemicals, are added to the recovery 
process. 

Ash and dust are separated by an electrostatic precipitator from the flue gases of the 
20 recovery boiler. Normally that precipitator ash or dust is recirculated to the recovery 
system by mixing it to the strong black liquor prior to entering the recovery boiler. 
According to the invention the precipitator ash is not directly recirculated to the black 
liquor, but first used to form said high-density water. The high-density water is mixed 
with the crude tall oil soap and carbon dioxide for the soap neutralisation or, in the 
25 acidulation step, is mixed with soap oil and sulphuric acid. In this way the precipitator 
ash is also returned to the black liquor and the recovery boiler, however the recovery 
cycle is longer. Compared to the known processes the precipitator ash is additionally 
used to form said high density water solution before ending up in the same position, 
that is in the black liquor system. According to the invention no additional external 
30 sulphate is added to the recovery process. 

The invention uses the physical effects due to the difference in density between the 
soap oil respectively the tall oil and the brine phases when using the high-density water 
solution. However, a too high density may limit the carbon dioxide solubility in the water 
35 which reduces the achievable pH in the soap treatment. This is disadvantageous as a 
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pH of about 8 should be reached in order to have the separation of soap oil and 
bicarbonate brine. Therefore, an increasing density of the water solution has the 
positive effect of increasing the relative density difference between the bicarbonate 
brine and the soap oil, but the negative effect of decreasing the soap oil formation. It 
5 has been found that the optimum water solution should have a density between 1000 
kg/m 3 and 1500 kg/m 3 , preferably between 1050 kg/m 3 and 1300 kg/m 3 and most 
preferably between 1100 kg/m 3 and 1200 kg/m 3 . 

In a preferred embodiment sodium and/or potassium salts of sulphate and/or carbonate 
10 and/or chloride are used to increase the density of the water. Such salts may be 

sodium sulphate, sodium carbonate, sodium chloride or mixtures thereof. Preferably 
ash or dust from the recovery boiler is dissolved in the water that is used to dissolve 
carbon dioxide therein. 

15 The water, that is prepared in the inventive manner, could be fresh water or, preferred, 
water or an aqueous solution recirculated within the recovery process. It is for example 
possible to use a partially recycled sulphate brine solution, another internally 
recirculated liquid as e.g. an evaporation condensate or anything similar. 

20 After the separation of the sodium bicarbonate brine from the soap oil the final 

acidulation is preferably carried out with sulphuric acid or spent acid from the chlorine 
dioxide preparation. The spent acid, a waste stream from the pulp mill, is a mixture of 
sulphuric acid and sodium sulphate. The amount of sulphuric acid or spent acid 
necessary is reduced by about 30% to 50% compared to processes without carbon 

25 dioxide pre-treatment. As a result of the acidulation a sulphate brine phase and a crude 
tall oil phase are formed. 

Preferably the change in pH after the neutralisation of the crude tall oil soap and prior 
to the separation of sodium bicarbonate from soap oil is less than 0.2, more preferred 
30 less than 0.1 , and most preferred there is essentially no change in pH. According to a 
preferred embodiment of the present invention the neutralisation step is directly 
followed by the separation of the bicarbonate brine without any intermediate addition of 
any substances, in particular without adding any pH changing substances. 
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Us.ng the recovery boiler ash in the proposed manner the external intake of sulphur to 
the pulp mill recovery system is not influenced and thus the full efficiency of the carbon 
dioxide pre-treatment to reduce the mill sulphur intake will be maintained or even 
improved as less remaining bicarbonate brine in the soap oil will further reduce the 
5 sulphuric acid needed in the final acidulation. 

The invention will now be illustrated in greater detail with reference to the appended 
drawings. It is obvious for the man skilled in the art that the invention may be modified 
in many ways and that the invention is not limited to the specific embodiment described 
10 in the following example. 

In 

figure 1 a schematic drawing of the tall oil recovery system is shown, 

figure 2 shows the same system with a different order of mixing and ' 

15 figure 3 shows another embodiment of the inventive system. 

As schematically shown in figure 1 water 1 and recovery boiler ash 2 are introduced 
into a dissolving tank 3. The recovery boiler ash is a mixture of about 90% sodium 
sulphate, 9% sodium carbonate and 1% sodium chloride and is separated from the 
recovery boiler flue gases by using electrostatic precipitators. In the dissolving tank 3 a 
special water solution 15 is prepared which has an increased density of 1200 kg/m 3 
achieved by dissolving ash and dust 2 from the recovery boiler into the water 1 . 



20 



25 



30 



The high density water solution 15 is fed to a vessel 4. Further carbon dioxide gas 5 is 
introduced into the vessel 4 and dissolved in the high density water solution 15. The so 
prepared high density carbonic acid solution is pumped to the tall oil plant. In the tall oil 
plant crude tall oil soap 6 is neutralized with the high density water solution in a 
neutralisation reactor 7. 

After this carbon dioxide pre-treatment process two phases are formed within the 
neutralisation reactor 7, a bicarbonate brine which collects at the bottom of the 
neutralisation reactor 7 and the soap oil phase on top of the brine. Due to the inventive 
use of the special high density water 15 the bicarbonate brine has an increased density 
compared to brine resulting from the state of the art neutralisation reactions. Thus the 
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brine can easily be separated from the soap oil and is returned to the recovery process 
8. 

The soap oil phase is fed from the neutralisation reactor 7 via pipe 9 to the acidulation 
5 reactor 10. In the reactor 10 the soap oil is finally acidulated with sulphuric acid 1 1 and 
an additive of the high density water solution 1 5. After the acidulation a sulphate brine 
phase and a crude tall oil phase are obtained. As a consequence of the addition of the 
high density water solution 15 the sulphate brine has an increased density and is thus 
easier to separate from the crude tall oil phase. The tall oil 12 is gathered from the top 
10 of the acidulation reactor 10 whereas the sulphate brine 13 is recycled in the recovery 
process. 

Instead of first introducing carbon dioxide 5 into the high density water solution 15 and 
then mixing the resulting carbonic acid with crude tall oil soap 6, it is also 
15 advantageous to change the order of adding carbon dioxide 5 and crude tall oil soap 6. 
Such a process is shown in figure 2. First crude tall oil soap 6 is diluted with the high- 
density water 15 obtained from vessel 3. Into the resulting solution carbon dioxide 5 is 
introduced to neutralize the crude tall oil soap 6. 

20 The above described process may also be performed as a continuous process, that is 
instead of using separate reactors 3, 4, 7, 10, some or all of these process steps can . 
be done in one reactor vessel. One such example is shown in figure 3. Instead of using 
two vessels 4, 7, as shown in figures 1 and 2, the high density water 15, carbon dioxide 
5 and crude tall oil soap 6 are mixed in one vessel 14. It is also possible to have only 

25 one vessel instead of vessels 3 and 14 or to have one common reactor vessel for all 
described process steps. 
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A process for improving the separation of aqueous sodium bicarbonate brine from 
soap oil in the recovery process of a pulp mill, comprising: 
forming a mixture comprising crude tall oil soap, water and carbon dioxide, 
neutralising the crude tall oil soap and 

separating the aqueous sodium bicarbonate brine and the soap oil obtained from 
said neutralisation step, 
characterized in that 

said mixture comprises a water solution (15) having an increased density. 



2. A process for improving the separation of aqueous sulphate brine from crude tall 
oil in the recovery process of a pulp mill, comprising: 
forming a mixture comprising soap oil, water and sulphuric acid, 
acidulating said soap oil and 
15 separating the aqueous sulphate brine and the crude tall oil obtained from said 

acidulation step, 
characterized in that 

said mixture comprises a water solution (15) having an increased density. 

20 3. A process according to claim 1 characterized in that said crude tall oil soap (6) is 
diluted with said water solution (15) having increased density and then mixed with 
carbon dioxide (5). 

4. A process according to any of claims 1 to 3 characterized in that ash and / or dust 
25 (2) from the recovery process, in particular precipitator ash, is mixed with water (1) 

to form said water solution (15) having an increased density. 

5. A process according to claim 4 characterized in that sodium and / or potassium 
salts of sulphate and / or carbonate and / or chloride are dissolved in said water (1) 

30 to form said water solution (15) having an increased density. 



6. 



A process according to any of claims 1 to 5 characterized in that said water 
solution (15) has a density between 1000 kg/m 3 and 1500 kg/m 3 , preferably 



P01 191-EP/GTG = EM-GTG0809 
05.10.2001 -GeNner 



between 1050 kg/m'and 1300 kg/m*. most preferably between 1100 kg/m^and 
1200 kg/m 3 . 

7. A process according to any of claims 4 to 6 characterized in that said water 
solution (15) having increased density is prepared by mixing said ash and / or dust 
(2) with water (1) recirculated within the recovery process. 

8. A process according to claim 7 characterized in that said ash and / or dust (2) is 
mixed with water (1) containing sulphate brine solution. 

9. A process according to any of claims 1 to 8 characterized in that said soap oil (9) is 
treated with sulphuric acid (1 1). 

10. A process according to claim 9 characterized in that said water solution (15) 
having an increased density is added to said sulphuric acid (1 1). 

1 1. A process according to any of claims 1 to 10 characterized in that after said 
neutralisation step and prior to said separation step of said sodium bicarbonate 
bnne and said soap oil the change in P H is less than 0.2, preferably less than 0 1 
and most preferably there is no change in pH. 
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Abstract 



Brine Separation in Soap Oil Preparation 

The invention is directed to a process for improving the separation of sodium 
bicarbonate brine from soap oil or of sulphate brine from crude tall oil in the recovery 
process of a pulp mill. In the neutralisation/acidulation of crude tall oil soap (6) or soap 
oil (9) with carbon dioxide (5) respectively sulphuric acid (11) a water solution (15) 
having an increased density is used, (figure 1) 
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